Purpose Pre-and postoperative tibial posterior slope angles (PSAs) were assessed in patients who underwent cruciateretaining total knee arthroplasty (TKA). Material and methods A total of 386 cruciate retaining TKA were performed in 308 patients and retrospectively reviewed. Based on the prostheses, 202 cases using NexGen® were classified as group I, 120 cases using PFC sigma® as group II, and 64 cases using Vanguard® as group III. Postoperative PSA of groups I, II, and III were compared. Results In groups I, II, and III, postoperative PSA was 6.0˚, 6.0˚, and 4.5˚, respectively (p<0.001). Between preoperative measurement and final follow-up examination, mean knee score (59.7 to 97.3), function score (54.2 to 90.5), and range of motion (ROM; 126.7°to 132.2°) improved. These three values did not differ significantly among groups. Conclusions The 3°slope of the Vanguard® polyethylene insert caused the difference in PSAs. This design characteristic should be considered when using this implant in TKA.
Introduction
The tibial posterior slope angle (PSA) influences the flexion gap, the tension of the posterior cruciate ligament (PCL), and knee stability following total knee arthroplasty (TKA).
The achievement of an appropriate PSA facilitates femoral rollback and increases the range of motion (ROM) of the knee. Several studies [6, 13, 18, 19] have reported mean PSA values in the normal knee ranging from 7-14.8°. Following cruciate-retaining TKA, proposed optimal mean PSA values have ranged from 3-5° [9] to 5-10° [10] , and have included 0-3° [28] with older prosthetic designs.
The objectives of this study were to evaluate pre-and postoperative PSA in patients who underwent cruciateretaining TKA using three current prosthesis designs, and to establish an appropriate PSA for such cases.
Subjects and methods

Subjects
This study retrospectively reviewed 386 TKAs performed in 308 patients (296 females, 12 males) using cruciateretaining prostheses between January 2003 and March 2009. Informed consent was obtained from all patients before the review, and no patient refused to participate in the study. NexGen Legacy® prostheses (Zimmer Inc., Warsaw, IN, USA) were used in 202 knees in 157 patients (group I), PFC Sigma® systems (Johnson & Johnson Professional Inc., Raynham, MA, USA) were used in 120 knees in 96 patients (group II), and Vanguard® devices (Biomet Orthopedics Inc., Warsaw, IN, USA) were used in 64 knees in 55 patients (group III). The mean age of the patients was 66.2 years (range 42-83 years). Indications for TKA included degenerative osteoarthritis (379 knees), rheumatoid arthritis (five knees), and osteonecrosis (two knees). The three groups did not differ significantly in age, gender, or diagnosis (p=0.372). The mean follow-up period was 2.4 years (range 1-9.0 years).
Surgical technique
All TKAs were performed by the senior author (DKB) using a midline skin incision and medial parapatellar arthrotomy. A tourniquet was used in all cases. The bone cuts were made using a measured resection technique. After the resection of the distal femur, the rotation of the femoral component was determined using the trans-epicondylar axis. The size of the femoral component was selected using the anterior-referencing method. For cases in which the anteroposterior dimension of the femoral condyles fell between size grades, the smaller femoral component was used and efforts were made to reduce the alteration of posterior femoral offset by shifting the anteroposterior cutting guide slightly backward. In cases of mediolateral overhang, the size of the femoral component was reduced by one grade. The tibial slope was usually set to 3°of the posterior slope in the sagittal plane during the resection of the proximal tibia. The extramedullary tibial cutting guide was used. Landmarks for sagittal alignment were the subcutaneous tibial crest, fibular longitudinal axis between the palpable fibular head and lateral malleolus, and the imaginary longitudinal axis of the tibia. The slide at the foot of the guide was adjusted so that the body of the guide was inclined as much as the target PSAs. After the primary resection of the proximal tibia, the tibial cut surface was trimmed and adjusted using a sharp electronic saw with confirmation of coronal and sagittal alignment. All osteophytes were removed. Any contracted medial or lateral soft tissue was evaluated carefully with palpation and then released selectively, where required, to balance the knee. The flexion and extension gaps were also assessed with a spacer block or trial component. In cases of flexion tightness or lift-off and/or disturbance of rollback during flexion, the PCL fibres were recessed and the posterior slope of the tibia was increased as necessary. In that case, the narrow electronic saw was carefully used to increase the posterior tibial slope as much as necessary.
Measurements
Pre-and postoperative true lateral views of the knee, in which the distal and posterior femoral condyles overlapped exactly, were obtained. Radiographic measurements of the PSA were taken on these lateral radiographs using a picture archiving and communication system (PACS). To reduce observational bias, two independent investigators repetitively performed all radiographic measurements. The intra-and interobserver reliabilities of all measurements were assessed using the intraclass correlation coefficient. Intra-and interobserver reliabilities were confirmed by intraclass correlation coefficient values for all measurements exceeding 0.9.
PSAs were measured with reference to the medullary canal (PSA-A) and anterior cortex (PSA-B). The reference line of the PSA-A was defined as the line connecting the centre of the medullary canal 10 cm and 20 cm distal to the tibial plateau ( Fig. 1) . The reference line of the PSA-B was defined as the line between 10 cm and 20 cm distal to the tibial plateau on the anterior tibial cortex (Fig. 2) . Preoperative PSA was defined as the angle between the perpendicular line of reference and a line connecting the anterior and posterior borders of the medial tibial plateau. Postoperative PSA was defined as the angle between the perpendicular line of reference and the undersurface of the tibial component.
Knee Society knee and function scores were evaluated preoperatively and at the final follow-up examination [14] . ROM was measured using a long-armed goniometer.
In addition, the increased amount of ROM after TKA with regard to the postoperative PSA-A was measured, considering the fact that preoperative ROM is the most important factor affecting postoperative ROM [24] .
Statistical analyses were performed using SPSS software (vers. 12.0; SPSS Inc., Chicago, IL, USA). Pre-and postoperative PSA-A and -B values of groups I, II, and III were compared using analysis of variance (ANOVA). P values <0.05 were considered to indicate statistical significance.
Results
Radiographic results
Preoperative PSA-As measured by investigators 1 and 2 did not differ significantly among the three groups (p=0.972, Tables 1 and 2 ). Mean differences between PSA-A and PSA-B were 2.3± 1.0°(investigator 1) or 2.3±1.2°(investigator 2) preoperatively and 2.1±0.8°postoperatively.
Clinical results
The mean Knee Society knee score in the total sample (386 knees) was 59.7±8.5 before surgery and 97.3±5.1 at the final follow-up examination (p<0.001; Table 3 ). These scores did not differ significantly among the three groups (p>0.4).
The mean flexion contracture was 5.3±6.6°before surgery and 0.3±2.1°at the final follow-up examination (p<0.001). The mean further flexion was 132.0±13.5°b efore surgery and 132.5±10.6°at the final follow-up examination (p=0.268; Table 4 ). Further flexion was slightly greater in group III than that in other groups, although this difference was not significant (p=0.065; Table 4 ). The knees within ±3°from average postoperative PSA-A were classified as the inlier group, from which postoperative PSA-As ranged from 3°to 9°in groups I and II, and ranged from 1.5°to 7.5°in group III. Fifty-seven knees were classified as the outlier group, from which postoperative PSA-As were below 3°in groups I and II, and below 1.5°in group III. The average increased amount of ROM was 6.4±16.3°in the inlier group, but 0.9±12.1°i n the outlier group (p=0.023). Group I cases using NexGen®, Group II cases using PFC®, Group III cases using Vanguard®, PSA-A posterior tibial slope angle considering the line passing centres of the medullary canal of proximal tibia as the reference line, PSA-B posterior tibial slope angle considering anterior cortex of proximal tibia as the reference line Group I cases using NexGen®, Group II cases using PFC®, Group III cases using Vanguard®, PSA-A posterior tibial slope angle considering the line passing centres of the medullary canal of proximal tibia as the reference line, PSA-B posterior tibial slope angle considering anterior cortex of proximal tibia as the reference line 
Discussion
Brazier et al. [3] introduced several methods of PSA measurement using a variety of reference lines, including the anatomical axes of the tibial and fibular shafts and proximal tibia and fibula, and the anterior and posterior cortices of the proximal tibia. Among these lines, the anatomical axis and posterior cortex of the proximal tibia are most strongly correlated with the anatomical axis of the tibial shaft. The difference in PSAs based on the anatomical axis and anterior cortex of the proximal tibia ranged from 2.2 to 3.5°in Brazier's study [3] and from 2.1 to 2.3°in our study. Several authors [2, 8, 11] have reported variable ranges of anatomical PSA in normal knees. Dejour and Bonnin [8] reported a mean PSA of 10±3°in 281 normal knees, Giffin et al. [11] reported a mean PSA of 8.8±1.8°in ten cadaveric knees, and Bellemans et al. [2] found a normal PSA range of 4-9°in a cadaveric study. In our study, preoperative PSA-A ranged widely (11.4±4.5°). Matsuda et al. [21] found similar PSAs in normal and varus knees. Jiang et al. [16] reported that PSA was not affected by age, gender, or arthritis. However, Chiu et al. [6] reported that the PSA of arthritic knees was 2-3°greater than that of normal knees.
Although adequate PSA plays an important role in cruciate-retaining and substituting TKA, an appropriate PSA has not been clearly determined [4, 9, 10, 22, 28] . PCL recession or PSA increase widens the flexion gap in cruciate-retaining TKA [4, 9, 28] . Whereas PCL recession reduces only anteroposterior tightness in flexion, PSA increase reduces the varus, valgus, anteroposterior, and rotational tightness in flexion. Thus, PSA increase may be more effective than PCL recession in cases with multidirectional tightness of the flexed knee [17] . In cruciateretaining TKA, an appropriate PSA maintains the tension of the PCL properly and facilitates femoral rollback during knee flexion [17] . Proper femoral rollback increases the ROM and shifts the contact point between the femur and the tibia backward, which allows the relatively strong posterior tibial cancellous bone to support the femur [13, 17] . Walker and Garg [26] reported that knees with PSAs of 10°could flex 30°more than those with PSAs of 0°in cruciate-retaining TKA. Bellemans et al. [2] reported in a cadaveric study that 1.7°of additional flexion could be obtained by increasing the PSA as much as 1°. However, an excessive PSA may induce anteroposterior instability after TKA, which may cause anterior subluxation of the tibial component, increase the wear on the posterior portion of the polyethylene surface, and cause aseptic loosening [1, 17, 28] . Impingement of posterior femoral condyles may also occur during knee flexion due to the limitation of femoral rollback, and ROM may be limited. In contrast, an inadequate PSA or the creation of a tibial anterior slope forces the weak anterior cancellous bone to support the femoral component and increases the possibility of anterior subsidence [13, 17] . It also limits further flexion due to the tight flexion gap [17, 20, 28] . Thus, it is important to determine the proper PSA.
Recommended PSAs vary among prosthesis types due to diversity in the posterior offset of the femoral component and the slope of the polyethylene insert. The polyethylene inserts of the NexGen Legacy® and PFC Sigma® devices have slopes of 0°. The polyethylene insert of the Vanguard® system has a slope of 3°, which probably caused the difference in postoperative PSA observed in this study. The manufacturer-recommended PSAs are 7°for the NexGen Legacy®, 3-6°for the PFC Sigma®, and 2-3°for the Vanguard® device. The proper cutting angle for the PSA is still controversial, and a wide range of optimal angles has been proposed [4, 9, 10, 22, 28] . Buechel and Pappas [4] proposed an angle of 5-10°and Piazza et al. [22] proposed an angle of 6-10°. Wasielewski et al. [27] investigated polyethylene wear patterns after 29 TKAs using the MillerGalante 1® prosthesis (Zimmer, Inc.), finding a mean PSA of 8.76°in 17 cases showing wear in the posterior portion of the polyethylene surface and a mean PSA of 5.91°in 12 cases with no posterior wear.
The posterior horn of the meniscus is thicker than the anterior horn. The biomechanical PSA determined with consideration of this structural feature differed from that Group I cases using NexGen®, Group II cases using PFC®, Group III cases using Vanguard® measured on radiographs [7, 15] . Furthermore, most proposed optimal PSAs in cruciate-retaining TKA have been based on Caucasians. There may be ethnic differences in the recommended PSA; for example, the anatomical features of the proximal tibia may differ in Asians and Caucasians, and knee deformity is usually more pronounced in Asian patients than in Caucasian patients at the time of TKA. In this study, Knee Society knee and function scores were found to be satisfactory and mean further flexion was greater than 130°after cruciate-retaining TKA. The postoperative PSA-A measured using the medullary canal reference method was 6.0±2.8°; operators should seek to achieve this angle to ensure satisfactory outcomes. We tried to compare the increased amount of ROM after TKA with regard to the postoperative PSA-A. The inlier group of postoperative PSA-A had significantly greater ROM after TKA. Some investigators [5, 12, 13, 23, 25] also have reported different clinical outcomes, depending on PSA. However, the clinical outcome and postoperative ROM are influenced by various factors, such as the severity of preoperative deformity, preoperative PSA, alteration of the posterior femoral offset, flexion angle of the femoral component, and tension of the soft tissues (e.g., PCL). Thus, the comparative analysis of clinical outcomes according to postoperative PSA is complicated by inherent statistical bias. Furthermore, the range of postoperative PSA was narrow in this study. Thus, the comparison of ROM in relation to the postoperative PSA should be carefully interpreted. This study had another limitation through its retrospective design. The final PSA was decided by the prediction and experience of the senior author.
In summary, mean postoperative PSAs measured using the medullary canal reference method averaged 6.0°, 6.0°, and 4.5°, respectively, after cruciate-retaining TKA using the NexGen®, PFC sigma®, and Vanguard® prostheses. Patients with these PSA values experienced satisfactory pain relief and functional recovery. These postoperative PSA values may serve as a useful guideline for cruciateretaining TKA procedures.
